A METHOD FOR TREATING FLUID BODY 
WASTE MATERIAL, AND APPARATUS 
THEREFOR 



Field of the Invention 

5 [001] This invention relates to the treatment of fluid body waste 

material, particularly, though not exclusively, animal waste such as liquid 
manure on farms and the like. 

[002] With the increase in high density animal farming, and particularly 

with the increase in number and size of pig farms for example, the disposition 
10 of the body waste products, for example liquid manure, is becoming a large and 
potentially very expensive problem. 

[003] The waste material, such as liquid manure, often has a low solids 

content, is extremely odorous and exists in large volumes. 

[004] A potential use of the waste material exists if the solids content 

1 5 can be increased, that is if the waste material can be de-watered. However, 
conventional methods of increasing solids content of fluid materials, such as 
cyclone separation, or screening, have not proved successful for body waste 
material. 

[005] It is desirable to provide a mechanical apparatus which is 

20 relatively light and compact and which can be moved from place to place, if 
desired, or stationery, but which is also easy to operate and is cost effective. 

Summary of the Invention 

[006] Broadly stated, the present invention provides a method of the 

invention comprises pumping waste material from a storage facility to a treating 
25 facility, the pumped material entering a distribution chamber. From the 
distribution chamber the material is delivered to a first vibrating screen to 
partially separate solids from liquids, the retained solid material discharged to a 
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storage container and partially cleansed liquid passing the screen into a holding 
tank. Liquid is pumped from the holding tank to at least one cyclone separator, 
a first stream from the separator, containing larger particles, discharging on to a 
second vibrating screen and a second stream from the separator, comprising 
5 substantially cleansed liquid, being delivered to a trough. A first stream of liquid 
is discharged from the trough to the holding tank, and a second stream of liquid 
is discharged from the trough back to the storage facility. 

[007] Preferably the second stream of liquid from the trough is less than 

the first stream. 

1 0 [008] In particular, the liquid pumped from the holding tank is fed to a 

manifold, and then fed from the manifold to the cyclone separator. 

[009] In a further aspect of the invention a portion of the liquid in the 

manifold is sprayed into the distribution chamber. 

[010] In another aspect of the invention one or both screens can be 

15 inclined. 

[011] In other aspects of the invention, the flow of liquid from the 

manifold to the cyclone may be controlled, and the flow of liquid from the trough 
to the storage facility may be controlled. 

[012] Further, the flow of the waste material from the storage facility to 

20 the distribution chamber may be controlled. 

[013] In a further feature, a portion of the liquid pumped from the 

holding tank to the manifold is fed back to the holding tank to agitate the 
contents of the holding tank. 

[014] In yet another feature, the material in the distribution chamber is 

25 fed on to a vibrating weir plate prior to delivery to said first vibrating screen, and 
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further, the first stream from the cyclone separator is discharged on to a second 
vibrating weir plate prior to discharge on to the second vibrating screen. 

[015] Further, agitation of the material in the storage facility can be 

provided. 

5 Brief Description of the Drawings 

[016] Preferred embodiments of the present invention will now be 

described, by way of example only, with reference to the attached Figures, 
wherein: 

Figure 1 is a diagrammatic and schematic diagram illustrating an 
1 0 apparatus for treating fluid body waste material in accordance with the 
invention; 

Figure 2 is a diagrammatic perspective view of the apparatus in 
Figure 1 , partly cut away; 

Figure 3 is a top plan of the apparatus in Figures 1 and 2; and 
1 5 Figure 4 is a diagrammatic sub view of the cyclone portion of the 

apparatus, to a larger scale. 

Detailed Description of the Invention 

[017] Figure 1 shows a fluid treatment cycle carried out by an 

apparatus for treating fluid body waste material in accordance with the present 
20 invention, illustrating various separation stages, for example by filter beds and 
cyclones. The treatment cycle will be understood by the following description of 
Figures 2 to 4 in conjunction with Figure 1 . 

[018] The body waste material is stored for example in one or more 

containers, such as concrete pits, illustrated in Figure 1 , very diagrammatically, 
25 by dotted outline 10. Waste material 12 is pumped, by submersible pump 14, 
into an inlet hose 16. From hose 16 the waste material enters an elongate 
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distribution chamber 18, which spans the width of the apparatus. The chamber 
18 controls the waste material via one or more flow regulating gates 20 
mounted near the outlet of the chamber. The chamber 18 has an exit slot 22 
which discharges waste material 12 via gravity onto a vibrating weir plate 24 to 
5 dampen the fall. The waste material is then deposited onto a first vibrating 
shaker screen deck 26 which carries out an initial separation of the waste 
material 12 into a first, increased liquid portion, and a second portion having an 
increased solids content. The separated, increased solids material is "walked" 
off the end of the deck by the vibratory action of the deck 26 to a spill chute 28, 
10 from where it is deposited into a storage container, not shown. The screen 

deck is vibrated by a conventional motor and linkage means, which is described 
below. 

[019] The first, increased liquid portion of the waste material passes 

through the screen deck 26 and enters a holding tank 30 which is positioned 

1 5 directly below the screen deck. The holding tank consists of a large, open top 
rectangular tank. Within the tank, a float control 32 floats on the surface of the 
fluid, and controls the operation of the submersible pump 14 and thus prevents 
system overflow. The float control 32 comprises a hollow sphere 33 at the end 
of a rod 33(a). The rod 33(a) is pivotally joined to a support 33(b) and controls 

20 a switch (not shown). Waste material within the tank 30 is mixed by a gun 34 
centrally located inside the tank. The gun 34 consists of multiple jets 36 which 
stir, blend and agitate the fluids and any sediments located inside the tank 30. 
The gun 34 receives a supply of pressurized fluids in a manner which will be 
described below. 

25 [020] Fluid within the tank 30 is discharged through a discharge outlet 

40 which removes the mixed and partly separated waste material from the tank. 
The outlet leads into a conduit 42, which empties into a centrifugal pump 44 
which draws the waste material through the conduit 42. The pump directs the 
waste material into a further conduit 46, and thence into a pressurized 

30 controlled, sealed manifold 48 having multiple outlets. Prior to entry into the 
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manifold 48, a portion of the waste material is directed into a secondary conduit 
50, which leads to the gun 34 and delivers a supply of pressurized, partly 
cleansed fluid to the gun for mixing the material within the tank 30 as described 
above. 

5 [021] Liquid exits the manifold 48 into a bank of cyclonic separators 

("cyclones") 52, operating in parallel. The cyclones 52 each separate the partly 
cleansed fluid into a first fluid stream containing larger particulates, and a 
second stream which is substantially cleansed of particulates. The first stream 
exits the bottom of the cyclones 52 and falls onto a vibrating weir plate 54 which 

1 0 dampens its fall. The fluid then is deposited onto a second vibrating shaker 
deck 56, which has finer screen characteristics than the first deck. The second 
deck 56 permits liquid to be removed from heavier materials, the latter being 
vibrated or walked off of the end of the deck, to the spill chute 28 and into the 
storage container. The second deck 56 is mounted directly over the first deck 

1 5 36. Thus, screen liquid falls down onto the first deck 26 and aids in diluting the 
raw waste material as it passes over the first and also helps in reducing any 
buildup in the screened particulates. The liquid then enters the holding tank 30, 
for re-circulation through the system. Control valves 54, Figure 4, can be 
provided between the manifold 48 and each cyclone 52, to control flow to the 

20 cyclones, if desired. 

[022] The second stream exiting the cyclone bank 52, which has been 

substantially cleansed of particles, is routed via conduit 61 to an open trough 
60, where it collects. The trough 60 has two discharge outlets. A first outlet 62 
is located near the top of the trough and exits into a conduit 64 which directs 

25 the liquid back into the holding tank 30 to be mixed and pumped back though 
the cyclone bank 52. This creates a continuous loop effect for cleansing the 
liquid through multiple cycles. This arrangement works well with a cyclonic-type 
cleanser, which works best with multiple passes to reduce particulate count. A 
second discharge outlet 65 from the trough 60 is located at or near the bottom 

30 of the trough 60, and is of a smaller size than the first discharge outlet 62. The 
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second discharge outlet 65 discharges cleansed liquid from the system. The 
outlet 65 is connected to a discharge pipe 66. The relatively smaller size of the 
second discharge outlet 65, coupled with a gravity withdrawal means, and a 
metering valve, results in at least a substantial portion of the purified liquid 
5 exiting through the first discharge outlet 62 for re-circulation through the system. 
This results in most of the waste material passing through the system several 
times before exiting. Referring to the manifold 48, two further outlets, 
selectively withdraw partly cleansed liquid from the manifold. One such outlet 
70 communicates with a flexible hose or wand 72, terminating in a hand- 

1 0 operable sprayer 74. The sprayer permits an operator to clean components of 
the system such as the shaker trays, by spraying the partly cleansed liquid onto 
built material. Another outlet 76 leads to conduit 80, which directs the liquid into 
a jetting bar 82 which communicates with the inlet chamber 18. The jetting bar 
82 utilizes the cleansed fluid and pressure from within the manifold 48 to direct 

15 a stream of partially cleansed liquid into the incoming waste material. This aids 
in cleansing and diluting the flow and enhances the effect of the first vibrating 
shaker deck 26. The metering control valve 67 (Figure 2) can be positioned 
in the pipe 66, as shown, to provide some additional control of the flow through 
pipe 66, if desired. 

20 [023] The upper and lower screen decks 26 and 56 are supported by a 

common frame 86. The frame 86 includes vertical supports 88, which attach to 
the frame 86 via spring mounts 89. A conventional motor arrangement 44 
drives the frame 86 in a reciprocating vibratory motion. The motor arrangement 
44 comprises two hydraulically-driven counterweights (vibrators), mounted to 

25 the frame. 

[024] The whole apparatus can be mounted on a support structure, 

such as a wheeled frame, for mobility. 



-7- 



[025] In a particular use, in treating liquid manure waste material on a 

pig farm, the manure was successfully treated by the apparatus and method 
described above. 

[026] At the particular farm site there were two pits. One, an open 

5 topped pit, 10 feet x 12 feet, had a waste material of a very light nature - 

approximately 5-10% solids. The other, an open topped pit, 50 feet x 12 feet, 
had a heavier mixture - up to about 25% solids. 

[027] The apparatus was as described above and illustrated in the 

drawings. The decks 26, 56, for the particular tests, had a -3° back fall, that is 
the retained material moves up-hill to the chute. The screen sizes were 70 
mesh on the lower deck and 95 mesh on the upper deck 56. There were four 
cyclones 52. The clean liquid fed from the trough 60 via discharge outlet 65 
was fed via the conduit 66, a 3 inch hose, back into the pit being treated. The 
substantially dry separated material was discharged into a loader bucket via 
chute 28 for convenience. The substantially dry material can be fed to any 
convenient storage arrangement. 

[028] Depending upon the characteristics of the waste material, for 

example solids content, the angle of the vibrating screens can vary for example 
from about +5° to about -5°. Also, the mesh size of the screens can be varied. 
20 For example, the bottom screen can vary from 10 mesh to 300 mesh and the 
top screen can vary from 1 1 mesh to 400 mesh, the top screen always a finer 
mesh than the bottom screen, as stated. 

[029] In a first test the apparatus was positioned adjacent the pit 

holding the light mixture material. The pump 14 was lowered into the pit to the 
25 bottom where the highest concentration of solids occurs. No agitation of the 
material in the pit occurred. The cleansed liquid was routed back to the pit. 
The waste material was passed through the apparatus without any problems. 
Approximately 1000 gallons was treated. The apparatus performed well but as 
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the pit had a very low solids content, it was not exemplary of the abilities of the 
apparatus. 

[030] The second test was to the other pit, containing the heavier solids 

mixture. This was considered a better test of the method. The pump 14 was 
5 lowered into the pit and the waste material 12 pumped through hose 16 to the 
apparatus. The solids were very heavy for the first 1000-1 500 gallons of 
material. This was due to the fact that the pit was not agitated and the pump 14 
was at or near the bottom of the pit where the heaviest solids were 
concentrated. The apparatus performed exceptionally well even with the heavy 

10 solids content. As the waste material passed through the apparatus, with the 
return of cleansed liquid via hose 66 to the pit, the waste material became less 
concentrated with solids. A series of test samples were taken at around the 
1300 gallon point of the cycle. These are labeled #1 , #2, #3 and #4 in the 
following table. A second series of samples were taken at approximately the 

1 5 4000 gallon point of the cycle. These are labeled #5, #6, #7 and #8 in the 
following table. 

[031] In a further test, the pump 14 was re-positioned on the pit bottom 

to access the dense material at the bottom. As the material was pumped 
through the apparatus, a third series of test samples were taken. These are 
20 labeled #9, #10, #1 1 and #12 in the following table. 

[032] While some agitation of the waste material in the pit will occur by 

the returned cleansed liquid, improved operation can be obtained by actively 
agitating the waste material. This can be obtained by mechanical means, by 
pumping in air for example, or by deliberately causing the returned liquid to stir 
25 up the heavier solids at the bottom of the pit. 

[033] The apparatus performed well during the operation and the 5000- 

6000 gallons that were pumped from the second pit produced approximately 2 
cubic yards of pileable solids that were relatively dewatered. 



[034] In the following table, samples 1 , 5 and 9 were of inflow from pit; 

samples 2, 6 and 10 were of outflow (cleaned fluid), samples 3, 7, and 1 1 were 
of separated solids, bottom screen, and samples 4, 8 and 12 were of separated 
solids, top screen. 







1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


Dry matter 


% 


2.9 


2.8 


14.9 


31.7 


2.6 


2.6 


15.4 


29.6 


3.6 


3.0 


18.3 


40.0 


Total Nitrogen 


% 


0.51 


0.52 


0.65 


0.86 


0.50 


0.50 


0.70 


0.81 


0.53 


0.53 


0.59 


0.83 


Ammonium 


ppm 


4524 


4470 


4085 


3660 


4420 


4350 


4030 


3920 


4466 


4470 


4080 


3080 


Phosphorous 


% 


0.06 


0.06 


0.36 


2.81 


0.04 


0.04 


0.38 


2.04 


0.08 


0.07 


0.32 


4.79 


Potassium 


% 


0.25 


0.25 


0.25 


0.34 


0.27 


0.24 


0.25 


0.32 


0.26 


0.27 


0.24 


0.36 


Magnesium 


% 


0.02 


0.02 


0.08 


0.38 


0.01 


0.01 


0.06 


0.29 


0.03 


0.03 


0.05 


0.56 


Calcium 


% 


0.08 


0.07 


0.52 


3.28 


0.05 


0.05 


0.59 


2.43 


0.11 


0.08 


0.55 


6.70 


Sodium 


% 


0.07 


0.07 


0.07 


0.10 


0.08 


0.07 


0.07 


0.10 


0.07 


0.07 


0.07 


0.13 


Iron 


ppm 


61 


64 


254 


3984 


40 


40 


254 


5970 


81 


77 


292 


2246 


Manganese 


ppm 


11 


11 


58 


160 


7 


7 


63 


142 


14 


14 


44 


212 


Copper 


ppm 


9 


12 


20 


38 


8 


7 


16 


34 


14 


15 


16 


28 


Zinc 


ppm 


34 


39 


88 


207 


20 


22 


68 


188 


46 


47 


62 


244 


C.N ratio 




1.7:1 


1.7:1 


9.3:1 


8.5:1 


1.6:1 


1.6:1 


9.6:1 


9.0:1 


2.2:1 


1.7:1 


13.2:1 


8.2:1 


Nutrient Value 
where manure is 

applied and 
covered with soil 
immediately 


Nitrogen 
(Nie) lb/ton 


45.8 


45.8 


8.7 


8.3 


44.8 


44.2 


87 


8.7 


45.5 


45.5 


8.5 


7.2 


Phosphate 
(P205) 
lb/ton 


5.5 


5.5 


6.6 


51.7 


3.7 


3.7 


7.0 


37.5 


7.4 


6.4 


5.9 


88.1 


Potash 
{K20) lb/ton 


27.0 


27.0 


5.4 


» 


29.2 


25.9 


5.4 


6.9 


28,1 


29.2 


6.2 


7.8 
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[035] The originating fluid liquid waste material, as stated, presents a 

large problem. In its fluid state it cannot be spread over agricultural land, 
because of smell and other environmental problems. Once the solids have 
been substantially dewatered, then these can be spread over agricultural land, 
5 or possibly further dried. After composting or other treatment, the solids can be 
packaged. 

[036] While the above description has been particularly directed to the 

treatment of swine waste material, the invention is equally applicable to other 
animal body waste material, for example, cows, sheep and other dairy 
10 operations. The invention is also applicable to the treatment of human body 
waste material. 

[037] Depending upon the circumstances, a single unit of the apparatus 

can be moved from storage container to storage container, where multiple 
storage containers are used. The apparatus can be operated for a particular 
1 5 time at each container. Alternatively, a unit can be positioned at each pit and 
operated for periods of time as considered necessary. In a further alternative, a 
central unit can be provided, connected by piping to a pump in each storage 
container. Suitable valving would be provided to select the particular container, 
or containers, that are being treated. 

20 [038] Although a preferred embodiment of the present invention has 

been described, those of skill in the art will appreciate that variations and 
modifications may be made without departing from the spirit and scope thereof 
as defined by the appended claims. 



